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Abstract 
Compact heat exchanger with gas as a heat exchange medium is widely used in power plants, automotive, air conditioning, and others. However, the gas has a 
low thermal conductivity resulting in high thermal resistance causing a low rate of heat transfer. Therefore an improvement to the convection heat transfer 
coefficient is necessary. One way to enhance the convection heat transfer coefficient is to use a longitudinal vortex generator. However, the increase in 
convection heat transfer coefficient is followed by an increase in pressure drop. Therefore, this work aims to improve the convection heat transfer coefficient 
with a low pressure drop. To achieve this goal, experiments were carried out by perforating a longitudinal vortex generator with a diameter of 5 mm with 
variations in holes number one, two and three. Two types of longitudinal vortex generators are compared. The experimental results show that the convection 
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heat transfer coefficient for the case of perforated concave delta winglet vortex generator is only decreased by 1% from that without a hole, while the pressure 
drop is decreased by 11.6%. © The Authors, published by EDP Sciences, 2018. 
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OGCUWTGOGPV EQQMKGU CPF QP UQOG RCIGU EQQMKGU HTQO UQEKCN PGVYQTMU /QTG
KPHQTOCVKQP CPF UGVWR
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1RGP $EEGUU
-PQYNGFIG UJCTKPI XKUKDKNKV[ KORTQXGOGPV CPF RTQFWEVKXKV[ ITQYVJ (XKFGPEG HTQO
CITQKPFWUVT[ OCPWHCEVWTKPIÒTO 
-GXKP 0CVCNCTFQ CPF 1MK 5WPCTFK
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
/KETQYCXGCUUKUVGF GZVTCEVKQP QH RJGPQNKE EQORQWPFU HTQO UGGF
CU CPVKDKQHQWNKPI CIGPVU KP OGODTCPG RTQEGUUGU 
0K
OCVWNaØ\\C 5JKPVC 4QUCNKC 'GYK $UJTKGF 5GV[CPFC $IWPI 5WMQ[Q 2CPIIWNW 7VQTQ 'KOCU
)KTOCPFC $N 4K\C CPF ;WUWH 9KDKUQPQ
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
$ FGXGNQROGPV QH UWUVCKPCDNG CPF UWEEGUUHWN DWUKPGUU OQFGN HQT 6JCK NQECN
RTQFWEVU 6JG OKZGF ETKUR[ TKEG PQQFNG 2JTC 0C -JQP 5TK $[WVVJC[C 2TQXKPEG 
-WUWOC 2CNCRTQO CPF -TKVEJCMJTKU 0CYCVVCPCRTCUGTV
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
6JG WUG QH KPFQPGUKCP UQ[DGCP XCTKGV[ YKVJ VKOG CPF RNCPVKPI NQECVKQP VQ VJG
RTQFWEVKQP VQ OGGV VJG FGOCPF 
0GNN[ %WFKJCTVK CPFØPI 9CTFCPC
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
'GXGNQROGPV QH CITQVQWTKUO DWUKPGUU OQFGN CU CP G×QTV VQ KPETGCUG VJG RQVGPE[ QH
VQWTKUO XKNNCIGECUG UVWF[ 2WPVGP 8KNNCIG %CVW &KV[ 
Øa-GVWV *WPCTVC CPF )WCF 'YK +CPIICTC
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
%[ WUKPI VJKU YGDUKVG [QW CITGG VJCV ('2 5EKGPEGU OC[ UVQTG YGD CWFKGPEG
OGCUWTGOG V EQQMKGU CPF QP UQO RCIGU EQQMKGU HTQO UQEKCN PGVYQTMUP G /QTG
KPHQTOCVKQP CPF UGVWR
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1RGP $EEGUU
4GNKCDKNKV[ CPCN[UKU QH JCPIGT UJQV DNCUV -$<1 OCEJKPG KP HQWPFT[ RNCPV 
4KPCNFK 5CO 2TCDQYQ 2TK[Q $IWU 5GVKCYCP $PFCaØXKCPC ,WPKCPK 9KGFKCTVKPK CPFØMC (TCYCVK
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
'GUKIP QH YQTMKPI RTQEGFWTG HQT JCPFNKPI VJG DTGCMFQYP OCEJKPG KP RCTCOGVGT QH
TGCEVKQP VKOG DCUGF QP ,KFQMC U[UVGO CRRTQCEJ KP EGOGPV EQORCP[ 
2WVTK 0KNFC 6TK $OTKPC (NKVC 4CJOC[CPVK 'KPC CPF 5JKHCPQH *KNCPI
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
-CPUGK GPIKPGGTKPIDCUGF TQDWUV FGUKIP OQFGN HQT NQIKUVKEU UGTXKEGU 
/CTMWU +CTVQPQ CPF $OGNKC 5CPVQUQ
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
'GXGNQROGPV QH HCVKIWG CEEKFGPV GZRGTKGPEGU CPF UCHGV[ EWNVWTG TGNCVKQPUJKRU VQ
VJG TKUM QHÒUJKPI RGTEGRVKQP QP VJG CEEKFGPVU QHÒUJKPI XGUUGN UOCNN CPF OGFKWO

5GRVK 0WTKPFCJ 5CTK 4CVPC 5CTK 'GYK CPF $FKVJ[C 5WFKCPQ
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
'GUKIPKPI CP GTIQPQOKE DCEMRCEM HQT UKZVJ ITCFG GNGOGPVCT[ UEJQQN UVWFGPVU KP
%CPFWPI DCUGF QP VJG KFGCN YGKIJV QH DCEMRCEM NQCF 
5QPPC -TKUVKPC CPF %GNNC $OCPFC
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
%[ WUKPI VJKU YGDUKVG [QW CITGG VJCV ('2 5EKGPEGU OC[ UVQTG YGD CWFKGPEG
OGCUWTGOGPV EQQMKGU CPF QP UQOG RCIGU EQQMKGU HTQO UQEKCN PGVYQTMU /QTG
KPHQTOCVKQP CPF UGVWR
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'GXGNQROGPV RTQITGUU OQPKVQTKPI U[UVGO KP (PIKPGGTKPI 2TQEWTGOGPV
&QPUVTWEVKQP (2& EQORCP[ YKVJ (CTP 8CNWG $PCN[UKU (8$ CRRTQCEJ DCUGF QP YGD
OQDKNG 
4JCFKV[Q 5JCMVK %WFKOCP CPFØa-GVWV *WPCTVC
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
$UUGUUOGPV QH GZRQUWTG RCEMCIKPI YQTMGT CPF FGUKIPKPI YQTM OGVJQFU WUKPI
1&4$ KPFGZ KP HGTVKNK\GT RTQFWEGT EQORCP[ 
$KPWP 'YK )TKFC[CVK 9KGFKCTVKPK +CKFCT 0CVUKT $OTWNNCJ /WJCOOCF 5JCJ 7TKR /WFLKQPQ CPF (F[
2TCUGV[Q +KFC[CV
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
)KTG TKUM CUUGUUOGPV QP JCOOGT OKNN OCEJKPG YKVJ JWOCP TGNKCDKNKV[ CUUGUUOGPV
+4$ CPF EQORQPGPV TGNKCDKNKV[ CRRTQCEJGU 
-JCTK\C $OCNKC +CKFCT 0CVUKT $OTWNNCJ $TKGH 5WDGMVK /QEJ .WSOCP $UJCTK (F[ 2TCUGV[Q +KFC[CV
7TKR /WFLKQPQ CPF +GPFTQ $IWU 9KFQFQ
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
6QYCTFU VJG ITGGPUJKR CUUGUUOGPV CPF EGTVKÒECVG QH PGY DWKNFKPI 'GUKIP
4GEQIPKVKQP '4 HQT VJG FGUKIP QHØ'%HWPFGF KPVGITCVGF ENCUUTQQO DWKNFKPI
ØPFQPGUKC 
$RKH / +CLLK CPF 'KCP $TKGUVCFK
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
(PJCPEGF TQQHVQR TCKPYCVGT JCTXGUVKPI SWCNKV[ VJTQWIJÒNVTCVKQP WUKPI \GQNKVG CPF
CEVKXCVGF ECTDQP 
$PKG ;WNKUV[QTKPK *KNCPIaØFÒCPF (X[ 'YK )CJOK
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
%[ WUKPI VJKU YGDUKVG [QW CITGG VJCV ('2 5EKGPEGU OC[ UVQTG YGD CWFKGPEG
OGCUWTGOGPV EQQMKGU CPF QP UQOG RCIGU EQQMKGU HTQO UQEKCN PGVYQTMU /QTG
KPHQTOCVKQP CPF UGVWR
1-
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1RGP $EEGUU
ØPLGEVKQP YGNN CU CP GEQFTCKPCIG UQNWVKQP VQ TGFWEG UWTHCEG TWPQ×CV VJG 5VCVG
7PKXGTUKV[ QH /CNCPI 
*KNCPIaØFÒ $PKG ;WNKUV[QTKPK CPF 6KMC $RTKNKCPK
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
'GXGNQROGPV NGCP CUUGUUOGPV KPFKECVQT $ ECUG UVWF[ 
Ø×CF 4CMJOCPJWFC CPF 2WVW 'CPC -CTPKPIUKJ
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
5RCTM KIPKVKQP GPIKPG OQFGNKPI HQT KPE[NKPFGT RTGUUWTG CPF VGORGTCVWTG RTGFKEVKQP
WUKPI UKOWNKPM 
0KMG 5GRVKXCPK CPF %[CP 9CJ[W 4K[CPFYKVC
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
$TVKÒEKCN UCNOQP VTCEMKPI CNIQTKVJO 2TGNKOKPCT[ FGUKIPKPI CRRTQCEJ HQT QRVKOK\KPI
VJG KPVGITCVGF OKZGF GPGTI[ EQORQUKVKQP 
$0 $HCPFKØTJCO )CFNKMC 3WQVC $NKGH 5KCU ; 4CJOCYCVK ' .GUVCTK $0 +CPFC[CPK
;WPKU 5WNKUV[QTKPK &9$ )CTTGN CPF 45$ /KEJKMQ
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
7VKNK\CVKQP QH VJG FGVJTKFIG YJGGN CU C NQY JGCF RQYGT IGPGTCVQT CPF NQUU CPCN[UKU

'CP /WIKUKFK 1MVCTKPC +GTK[CPK 4K\CN $PFK .WJWPI CPF /QJ 4COFCPK 'YK $PFTKCP
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
%[ WUKPI VJKU YGDUKVG [QW CITGG VJCV ('2 5EKGPEGU OC[ UVQTG YGD CWFKGPEG
OGCUWTGOGPV EQQMKGU CPF QP UQOG RCIGU EQQMKGU HTQO UQEKCN PGVYQTMU /QTG
KPHQTOCVKQP CPF UGVWR
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1RGP $EEGUU
/GVJQFU KP YCVGT EQPUGTXCVKQP CU RCTV QH ITGGP DWKNFKPI TCVKPI VQQNU KP KPFQPGUKCÃ
ECUG UVWF[ 'GUKIP QH KPVGITCVGF ENCUUTQQOU DWKNFKPI KP 
ØPFQPGUKC 
$RKH / +CLLK %CODCPI 5WRTKCPVQ CPF 'KCP $TKGUVCFK
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
'GUKIPKPI RQTVCDNG EJQRRKPI RNCUVKE YCUVG OCEJKPG WVKNK\KPI GNGEVTKE OQVQT 
(TYKP -QOCTC /KPFCTVC $PFTG $TK 9KDQYQ CPF $PFKMC %CIWU 0WT 4CJOC 2WVTC
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
6JG G×GEV QH VGZVWTGF UWTHCEGU QP VJG J[FTQF[PCOKE RTGUUWTG IGPGTCVKQP KP LQWTPCN
DGCTKPIU 
/WEJCOOCF /QJCOOCF 6CWXKSKTTCJOCP 4K\S[ $OCPWNNCJ $MDCT )WCF +KNO[ CPF ,COCTK
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
'GXGNQROGPV QH CP QRGPNQQR ITQWPF UQWTEG EQQNKPI U[UVGO HQT URCEG CKT
EQPFKVKQPKPI U[UVGO KP JQV ENKOCVG NKMGØPFQPGUKC 
,CNCNWFFKP $MKQ /K[CTC 5JQJGKaØUJKMCYC 4WUVCP 6CTCMMC CPF $PFK $OKLQ[Q /QEJVCT
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
ØPÓWGPEG QH DQWPFCT[ UNKR NC[QWV QP VJG J[FTQF[PCOKE RGTHQTOCPEG QH RCTVKCNN[
VGZVWTGF LQWTPCN DGCTKPI D[ &)' OGVJQF 
/QJCOOCF 6CWXKSKTTCJOCP /WEJCOOCF 4K\M[ $OCPWNNCJ $MDCT CPF ,COCTK
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
%[ WUKPI VJKU YGDUKVG [QW CITGG VJCV ('2 5EKGPEGU OC[ UVQTG YGD CWFKGPEG
OGCUWTGOGPV EQQMKGU CPF QP UQOG RCIGU EQQMKGU HTQO UQEKCN PGVYQTMU /QTG
KPHQTOCVKQP CPF UGVWR
1-
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0WOGTKECN UVWF[ QH ÓQY EJCTCEVGTKUVKEU QP YKPI CKTHQKN GRRNGT  YKVJ YJKVEQOD
YKPINGV XCTKCVKQPU 
52 5GV[Q +CTK[CFK 5WVCTFK 9CYCP $TKGU 9KFQFQ /WJCOOCF $PKU /WUVCIJÒTKP CPF $TKHCPFK
4CEJOCFK[CP
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
&JCTCEVGTKUVKE EQORCTKUQP QH RJQVQXQNVCKE OQFWNG CPF RJQVQXQNVCKE VJGTOCN 
-TKUOCFKPCVC 4GOQP .CRKUC 5[CJTKN CPF $UPKN
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
2GTHQTOCPEG VGUVKPI QH C FQYPFTCHV DKQOCUU ICUKÒGT UVQXG HQT EQQMKPI CRRNKECVKQPU

9QTCPWEJ ,CPIUCYCPI
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
$ RTGNKOKPCT[ TGXKGY QHØPFQPGUKCP PCVKQPCN UVCPFCTF QH EJCKT CPF FGUM HQT LWPKQT
JKIJ UEJQQN NGXGN 
;CPVQ &JKJ9GK .W CPF 9KPFC ; &CTQNKPG
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
/KVKICVKQP QH VJG CNVGTPCVKXG GPGTI[ HQT VJG YKPF HCTO EGPVGT EQPUKFGTKPI
VGORGTCVWTG CPF YKPF URGGF 
4KOC 5GRVKCPK 2TCUVKMC $0 $HCPFK CPF 'YK 2TKJCPVQ
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
&)' CPCN[UKU QH RCTVKCN UNKR G×GEV QP VJG RGTHQTOCPEG QH J[FTQF[PCOKE NWDTKECVGF
LQWTPCN DGCTKPIU 
%[ WUKPI VJKU YGDUKVG [QW CITGG VJCV ('2 5EKGPEGU OC[ UVQTG YGD CWFKGPEG
OGCUWTGOGPV EQQMKGU CPF QP UQOG RCIGU EQQMKGU HTQO UQEKCN PGVYQTMU /QTG
KPHQTOCVKQP CPF UGVWR
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/WEJCOOCF %CODCPI ;WPKCPVQ /QJCOOCF 6CWXKSKTTCJOCP 9KFJK $JOCF 9KECMUQPQ CPF
,COCTK
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
(×GEV QH RGTHQTCVGF EQPECXG FGNVC YKPINGV XQTVGZ IGPGTCVQTU QP JGCV VTCPUHGT
CWIOGPVCVKQP QHÓWKFÓQY KPUKFG C TGEVCPIWNCT EJCPPGN $P GZRGTKOGPVCN UVWF[

5[CKHWN /5- 6QP[ 57 0C\CTWFFKP 5KPCIC 4GVPQ 9WNCPFCTK CPF /[WPIYJCP %CG
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
(×GEV QH XCTKQWU PWODGT EQPKECN UVTKR KPUGTVGF KP VJG VWDG QP JGCV VTCPUHGT
RGTHQTOCPEG 
/ $PKU /WUVCIJÒTKP %WTPKCFK /QDCNNC CPF 5[CKHWNNCJ +COKO 6JQJCTK
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
6JG KORNGOGPVCVKQP QH &WUVQOGT 4GNCVKQPUJKR /CPCIGOGPV &4/ QP VGZVKNG UWRRN[
EJCKP WUKPI MOGCPU ENWUVGTKPI KP FCVC OKPKPI 
$PKM 'YKCUVWVK $KU[CJ .CTCUCVK CPF (PFCPI 2TCJCUVWVK
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
0WOGTKECN UKOWNCVKQP QH VJG G×GEV QH OCVGTKCN ECVCN[VKE EQPXGTVGT QP ICU GOKUUKQP

5WJGPK 4WF[ 5WPQMQ 5NCOGV 9CJ[WFK CPF $OKP 5 .GMUQPQ
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
%[ WUKPI VJKU YGDUKVG [QW CITGG VJCV ('2 5EKGPEGU OC[ UVQTG YGD CWFKGPEG
OGCUWTGOGPV EQQMKGU CPF QP UQOG RCIGU EQQMKGU HTQO UQEKCN PGVYQTMU /QTG
KPHQTOCVKQP CPF UGVWR
1-
D 
D 
D 
D 
- Material 
D 
3WGPEJKPI CPF VGORGTKPI RCTCOGVGT QP ØPFQPGUKCP JQV TQNNGF RNCVG UVGGN HQT
CTOQWT UVGGN 
;WTKCPVQ 2TCVKMVQ 4WF[ 5QPQMQ 9CJ[QPQ CPF $2 %C[WUGPQ
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
'GXGNQROGPV QH $EGJ KTQP UCPF VQ RTQFWEG RKI KTQP UVWFKGU QP JCTFPGUU RTQRGTVKGU

/ 5C[WVK $MJ[CTaØDTCJKO /WJCOOCF ;WUWH CPF 4G\C 2WVTC
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
/GEJCPKECN CPF RJ[UKECN RTQRGTVKGU QH CNWOKPKWOUKNKEQP $N5K ECUVKPI CNNQ[U
TGKPHQTEGF D[ <KPE 1ZKFG <P1 
2QRR[ 2WURKVCUCTK 1MM[ 4CEJOCFKNNC 5QGRTK[CPVQ /WJCOOCFØNOCP 0WT 5CUQPIMQ
,QJCP 9C[CP 'KMC CPF $PFQMQ
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
6JG G×GEVU QH UQFKWO J[FTQZKFG CPF RQVCUUKWO RGTOCPICPCVG VTGCVOGPV QP
TQWIJPGUU QH EQEQPWVÒDGT UWTHCEG 
/WJCOOCF $TU[CF CPF 4WF[ 5QGPQMQ
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
(NGEVTKE RQNCTK\CVKQP RTQRGTVKGU QH %C6K1%K)G1 CU PCPQOWNVKHGTTQKE OCVGTKCN
RTQFWEGF D[ UQNIGN OGVJQF 
'YKVC 5WCUVK[CPVK /C[MGN 6( /CPCYCP CPF /CTNKP 9KLC[C
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
%[ WUKPI VJKU YGDUKVG [QW CITGG VJCV ('2 5EKGPEGU OC[ UVQTG YGD CWFKGPEG
OGCUWTGOGPV EQQMKGU CPF QP UQOG RCIGU EQQMKGU HTQO UQEKCN PGVYQTMU /QTG
KPHQTOCVKQP CPF UGVWR
1-
D 
D 
D 
D 
D 
2JCUG UGRCTCVKQP QP TKEKPQNGKE CEKF HTGG\KPI 
)KTOCP %CTNKCP +CUCP CPF /WJCOOCF $PUJCT
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
/KETQUVTWEVWTG CPF OGEJCPKECN EJCTCEVGTKUVKEU QH JQV HQTIGF NCVGTKVKE UVGGNU 
5CVTKQ +GTDKTQYQ .WSOCPWN +CMKO CPF %KPVCPI $FLKCPVQTQ
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
$PCN[\G VJG G×GEV QH RJQURJQTWU QP VJG OGEJCPKECN RTQRGTVKGU CPF OKETQUVTWEVWTG
QP ECUV KTQP 
$EJOCF 5CODCU $PCPVQ *COCYCP CPF 5QRJKCFK *WPCTC
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
)KDGTINCUU TGKPHQTEGF RNCUVKE CU EQPUVTWEVKQP OCVGTKCN HQTØPFQPGUKCPÒUJKPI XGUUGNU
ÃEJCNNGPIGU CPF HWVWTG RQVGPVKCN FGXGNQROGPV 
Øa2WVW $ 9KDCYC CPF 4KEJCTF 9 %KTOKPIJCO
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
(×GEVU QH DTCUU CFFKVKQP QP VJGÓGZWTCN UVTGPIVJ CPF OKETQUVTWEVWTG QH RQTQWU
ENC[DTCUU EQORQUKVGU 
/WJ $OKP 4WDKLCPVQ ,WPK 2TKDCFK CPF ,COCUTK
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
/QTKPFC EKVTKHQNKKC . CU C TGPGYCDNG TCY OCVGTKCN HQT UWTHCEG CEVKXG CIGPV 
6TKUOCYCVK CPF ' 9KMCPCLK
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
%[ WUKPI VJKU YGDUKVG [QW CITGG VJCV ('2 5EKGPEGU OC[ UVQTG YGD CWFKGPEG
OGCUWTGOGPV EQQMKGU CPF QP UQOG RCIGU EQQMKGU HTQO UQEKCN PGVYQTMU /QTG
KPHQTOCVKQP CPF UGVWR
1-
D 
D 
D 
D 
D 
2')  -% 4GHGTGPEGU
1RGP $EEGUU
+WOCP GTTQT RTQDCDKNKV[ CPCN[UKU QH QXGTJGCF ETCPG QRGTCVKQP KP UVGGN HCDTKECVKQP
EQORCP[ WUKPI 5.Ø/'(/$6(.$02 OGVJQF 
$PPKU[C $TWO[ 0WTFKCYCVK .WMOCP +CPFQMQ $O /CKUCTCJ 'KUTKPCOC +CKFCT 0CVUKT $OTWNNCJ
'GPP[ 'GTOCYCP /WJCOOCF 5JCJ CPF )CKU +CO\CJ
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
0WOGTKECN UKOWNCVKQP QH VJG QZ[IGP FKUVTKDWVKQP KP UKNKEQP OGNV HQT FK×GTGPV CTIQP
ICUÓQY TCVGU FWTKPI &\QEJTCNUMK UKNKEQP ET[UVCN ITQYVJ RTQEGUU 
<WOTQVWNaØFC ,[J&JGP &JGP CPF 6JK +QCK 6JW 0IW[GP
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
$PCNKU[U QH ECUVKPI FGHGEVU CPF OGEJCPKECN RTQRGTVKGU QP $N5K CNNQ[U WUKPI
%CPIMCNCP NQECN ENC[U CU UCPF ECUVKPI DKPFGT 
&CPFK *CNKJ 5[CKHWNNCJ $[KM %GNC 5CRWVTC ) 5JCDTKPC 4WJ[CVWN CPF 2QRR[ 2WURKVCUCTK
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
(×GEV QH RGTQZKFG VTGCVOGPV QP VJG UVTWEVWTG CPF VTCPURCTGPE[ QH DCEVGTKCN
EGNNWNQUGÒNO 
+GTW 5WT[CPVQ 6KVQ $TKH 5WVTKUPQ / /WJCLKT 0GGPC <CMKC CPF 7WP ;CPWJCT
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
6JG G×GEVKXGPGUU QH OGPFQPI RNCKVGF TQRG RTQFWEVKQP VJG FGUKIP QH CWVQOCVKE
OGPFQPI TQRG VYKUVKPI OCEJKPG 
'WYK .GMUQPQ (F[ 9KFK[CPVK )CJTW 4K\C CPF -JCTKU 5QÒC 5CTK
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
%[ WUKPI VJKU YGDUKVG [QW CITGG VJCV ('2 5EKGPEGU OC[ UVQTG YGD CWFKGPEG
OGCUWTGOGPV EQQMKGU CPF QP UQOG RCIGU EQQMKGU HTQO UQEKCN PGVYQTMU /QTG
KPHQTOCVKQP CPF UGVWR
1-
D 
D 
D 
D 
1RGP $EEGUU
6JG RQVGPVKCN QH UKNMÒDTQKP CU C RQN[OGT EQORQUKVG TGKPHQTEGOGPV HQT DQPG KORNCPV
OCVGTKCNU 
2WTPQOQ 2WVW +CFK 5GV[CTKPK CPF $PC +KFC[CVK /WMCTQOCJ
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
6JG KPJKDKVKXG G×GEV QH VCPPKP KP NGCXGU VQYCTFU 55 EQTTQUKQP KP
EQPEGPVTCVGF +&N 
$PFKVC 0 ) *CPFC $PFQMQ 2 + 5GV[CTKPK CPF )GOKCPC *CRUCTK
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
*TQYVJ QH CPQFKE $NWOKPWO 1ZKFG WUKPI VKVCPKWO CU ECVJQFGÃC TGXKGY 
2WVW +CFK 5GV[CTKPK )GOKCPC *CRUCTK CPF 2WTPQOQ
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
+GCV VTGCVOGPV G×GEV QP OGVCN OCVTKZ EQORQUKVG YKVJ DTCUU OCVTKZ CPFÓ[ CUJ

$OKPPWFKP $OKPPWFKP CPF /QEJ $IWU &JQKTQP
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
5VWF[ VJG G×GEV QH CPING QH CVVCEM QPÓQY EJCTCEVGTKUVKEU CV TCEKPI DKMG JGNOGV
WUKPI &)' 
5[COUWTK / +CUCP 5[CÒM CPF ;WFJQ 2WVTQaØUYCPVQ
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
%[ WUKPI VJKU YGDUKVG [QW CITGG VJCV ('2 5EKGPEGU OC[ UVQTG YGD CWFKGPEG
OGCUWTGOGPV EQQMKGU CPF QP UQOG RCIGU EQQMKGU HTQO UQEKCN PGVYQTMU /QTG
KPHQTOCVKQP CPF UGVWR
1-
- --,,,-::,,crT~r nt:Cnr..--,--- -----------------------
D 
D 
D 
- Manufacture 
D 
D 
Psidium guajava 
(PJCPEGOGPV QH UJGCTQITCRJ[DCUGF FCOCIG KFGPVKÒECVKQP WUKPI DGUV VTGG YCXGNGV
RCEMGV CPCN[UKU 
$PFT\GL -CVWPKP +GTPCPK .QRGU CPF ,QU¦8KTKCVQ $TC·LQ FQU 5CPVQU
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
'COCIG GXCNWCVKQP DCUGF QP WNVTCUQPKE VGUVKPI QH EQORQUKVG CKTETCHV GNGOGPVU CPF
KOCIG CPCN[UKU OGVJQFU 
$PIGNKMC 9TQPMQYKE\ CPF -T\[U\VQH 'TCICP
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
(×GEV QH HTKEVKQP YGNFKPI EQPFKVKQPU QP VGPUKNG UVTGPIVJ CPF JCTFPGUU QH $Ø5Ø
UVCKPNGUU UVGGN LQKPVU 
/WJCOOCFaØUYCT CPF 4WUFK 0WT
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
*(&1%4Ø'*( $ EQPEGRV QH C UOCTV GEQHTKGPFN[ KPVGITCVGF DTKFIG WVKNK\KPI
IGQRQN[OGT CPF ITCFGF EQPETGVG VGEJPQNQI[ 
/ /KT\C $DFKNNCJ 2TCVCOC ;WUVKMC '[CJ 2TCVKYK /KHVCJ $NK[KNÆØNOK CPF $NKHCJ /CJCTFKMC
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
/WNVK QDLGEVKXG QRVKOK\CVKQP HQT MGTH CPF OCVGTKCN TGOQXCN TCVG KP YKTG GNGEVTKECN
FKUEJCTIG OCEJKPKPI WUKPI 6CIWEJK OGVJQF EQODKPGF ITG[ TGNCVKQPCN CPCN[UKU

2CVJ[C 4WRCLCVK / -WTPKCFK 4CU[KF CPF $NK 0WTFKP
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
%[ WUKPI VJKU YGDUKVG [QW CITGG VJCV ('2 5EKGPEGU OC[ UVQTG YGD CWFKGPEG
OGCUWTGOGPV EQQMKGU CPF QP UQOG RCIGU EQQMKGU HTQO UQEKCN PGVYQTMU /QTG
KPHQTOCVKQP CPF UGVWR
1-
D 
D 
D 
D 
D 
(ZRGTKOGPVCN CPF &)' CPCN[UKU QH TQVCT[ OWNVK XCPG GZRCPFGT HQT UOCNN ECRCEKV[
IGPGTCVKQP 
/QJCOOCF /CJCTFKMC
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
(×GEV QH EQPEGUUKQP OQFGN CPF FGTGIWNCVKQP NQIKUVKEU RQNKE[ HQT KPETGCUKPI RQTV
EWUVQOGT UCVKUHCEVKQP KPØPFQPGUKC 
5KTCLWFFKP 5WPCT[Q CPF 6 ;WTK <CINQGN
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
+CTFPGUU CPCN[UKU QP ECTDWTK\GF UVGGN YGNF LQKPV D[ 5/$9 WUKPI FK×GTGPV YGNFKPI
EWTTGPV 
;CPWCT 4QJOCV $LK 2TCFCPC 9CJQPQ 'KEM[ 6CP\KNC CPF $\OK .WMOCP
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  /% 4GHGTGPEGU
1RGP $EEGUU
$P (×GEV QH (NGEVTKE &WTTGPV 8CTKCVKQPU CPF 9KTG )GGF 4CVG QP .QY &CTDQP 5VGGNU
6QYCTF 6GPUKNG 5VTGPIVJ QP 6JG 4GUWNV QH *CU /GVCN $TE 9GNFKPI 
6CWÒM +CTFKCPU[CJ /QEJ 4QÒaØOTQP ,QJCP +CPFQMQ 5QNKEJKP CPF $DFWN 3QNKM
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
(UVKOCVKQP QH ECNECPGCN FGHQTOCVKQP YJKNG UVCPFKPI HTQO VJG DQQNGCP QRGTCVKQP
DGVYGGP ' CPF HQQVRTKPV KOCIG CPF KVU EQORCTKUQP YKVJ NCVGTCN ZTC[ 
'YK %CUWMK 9KDQYQ $IWU 5WRTKJCPVQ $EJOCF 9KFQFQ CPF *WPCYCP 'YK +CT[CFK
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRUFQKQTIOCVGEEQPH
2')  -% 4GHGTGPEGU
1RGP $EEGUU
%[ WUKPI VJKU YGDUKVG [QW CITGG VJCV ('2 5EKGPEGU OC[ UVQTG YGD CWFKGPEG
OGCUWTGOGPV EQQMKGU CPF QP UQOG RCIGU EQQMKGU HTQO UQEKCN PGVYQTMU /QTG
KPHQTOCVKQP CPF UGVWR
1-
D 
D 
D 
- Construction 
D 
□ 
0WOGTKECN KPXGUVKICVKQP QP VJG GNCUVKE OQFWNWU QH TWDDGTNKMG OCVGTKCNU D[ C TKIKF
DCNN KPFGPVCVKQP VGEJPKSWG 
%WFK 5GVK[CPC 5WIK[CPVQ , ,COCTK CPF / -JCÒFJ
2WDNKUJGF QPNKPG  5GRVGODGT 
'1Ø JVVRU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WELCOMING ADDRESS 
Chairman of International Mechanical and Industrial Engineering Conference, IMIEC 2018 
Distinguished guest s, respect ed col leagues, and lad ies and gent lemen, 
It is t he t ime successfull y to wrap up a year 's work. Considering just how busy you all must be, 
thank you very m uch for taking your precious t ime to participat e in the International Mechanical 
and Industrial Engineering Conference, IMIEC 2018. 
In particular, I would l ike to extend my gratit ude to dist inguished keynote speakers from abroad. 
First of al l, please allow me to express my sincere appreciat ion for coming to our city for: 
1. Prof. Dr. Ir. Masjuki bin Hj Hassan., from Department of Mechanical Engineering, 
University of Malaya, Malaysia 
2. Prof. Ir . I Nyoman Pujawan, M .Eng, Ph.D, From Department of Industria l Engineering, 
Sepuluh November Institute of Technology, Surabaya 
3. Prof. Akio Miyara, from Department of Mechanical Engineering, Saga University, Japan 
4. Prof. Prakasit Sokrai, from Department of Industrial Engineering, Pranakhon Rajabhat 
University, Thailand. 
And also our invited speakers and presenters from all over the world, 
5. SM Shahrul Nizan Shikh Zahari PhD, DIC, MRSC, Industrial Chemical Technology 
Programme, Faculty of Science & Technology, Universiti Sains Islam Malaysia 
6. Assoc. Prof. Andrzej Katunin, from Institute of Fundamentals of Machinery Design, Faculty 
of Mechanical Engineering,Silesian University of Technology, Poland. 
I welcome all o f you and hope that this event w ill serve as a cat alyst for st rengthening national 
and internat ional cooperation on the share of all coverage mechanical engineering and industrial 
engineering. 
This conference is being held in a ser ies of events 64th Anniversary of State University Malang 
and 53rd Anniversary of Engineering Faculty. 
In addition, I am most thankful for the ceaseless ef forts of all committee members of IMIEC 
consortia, all organizers, al l cooperating inst itution as well as t he sponsors t hat support us. 
In th is opportunity, I wou ld l ike to report related to scientific of IM IEC 20 18. The committ ee has 
received up to 200 m anuscr ipts from 7 count r ies and more t han 15 instit ut ions. From 200 
manuscript, the committee has decided to accept 122 papers t hat w i II published in MATEC 
Int ernational Proceeding indexed by SCOPUS. There are 7 top ics consist of 4 topics from 
Mechanical Engineering and 3 topics from Industr ial Engineering. 
For your informat ion, IM IEC 2018 is bianual event that cont inuing t he p revious event at 2016 
which is IM EEEC 2016. We hope that we can continue to br ing this tremendous event on IMI EC 
2019. 
© The Authors, publ ished by EDP Sciences. This is an open acces~ an icle distributed under the tenns o f the Creative Commons 
Attribu tion License 4.0 (hnp://creativecommons.org/licenseslby/4.0/). 
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4. Prof. Wardana (UB) 
5. Prof. Dr. Taufikurahman (MNI) 
6. Dr. Andoko, M.T 
7. Dr. Ahmad Dardiri, M.Pd 
8. Dr. Hary Suswanto, M.T 
9. Dr. Tuwoso, M.T 
International Advisory Board 
rof. Dr. Norani Muti Mohamed, Universiti Teknologi Petronas, Malaysia 
.Dr. Jeefferie Abd Razak, Universiti Teknikal Melaka, Malaysia 
. Majid Niaz Akhtar, Ph.D. COMSAT Institute, Pakistan 
6. Dr. Dawid Jann (S' esian Unive.cii!y of Techno gy, Gwilice, Pola 
. Prof. Jack Y.P WangJSTUST, Taiwan 
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IMPORTANT DATES 
Paper Submission Deadline 
25 May 2Q18 25 June 2018 (Extended) 
Announcement of Paper Acceptance 
5 July 2018 
Early Bird 
25 May - 10 July 2018 
Late Registration 
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4. Assoc. Prof. Dr. Turnad Lenggo Ginta (UTP, Malaysia) 
5. Dr. Shikh Mohd Shahrul Nizan Shikh Zahari AMRSC (Universiti Sains Islam Malaysia) 
6. Dr. Jeefferie Abd Razak (Universiti Teknikal Melaka, Malaysia) 
. Dr. Dawid Jannas (Silesian University of Technology, Gwilice, Poland) 
·8. Dr. Kashif Mughal (Pakistan) 
&. Dr. Benny Eko Jjahjono (Cranfield Universi!Y, UK) 
11. Dr. Min Wen Wang (KUAS, Taiwan) 
12. Dr. Yijia Chen (NDHU, Taiwan) 
13. AP. Dr. Hua-Chih Huang (KUAS, Taiwan) 
14. Dr. Pavia Giussepe (Carl Zeiss, Germany) 
15. Prof. Dr. Sirichok (SUT, Thailand) 
16. Prof. Arif Hidayat (UM, Indonesia) 
17. Nandang Mufti, Ph.D (UM, Indonesia) 
About IMIEC 2018 
After the first edition has successfully held in 
2016, The 2nd International Mechanical and 
Industrial Engineering Conference (IMIEC) 2018 
will be proudly represented on August 2018. As 
the biannual International Program organized 
by Mechanical Engineering Department of 
Universitas Negeri Malang (UM). 
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